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Problem 13

Determine all branch points of the map cos: C → C and prove that

cos : C r Zπ −→ C r {±1}

is an unbranched covering map.

Problem 14 (Continuation of Problem 13)

Define the closed curves α, β : [0, 1] → C r {±1} by

α(t) := 1− e2πit, β(t) := −1 + e2πit.

a) Let α̂, β̂ : [0, 1] → C r Zπ be the liftings of α, β with initial point α̂(0) = β̂(0) = π/2.

Determine the end points a := α̂(1) and b := β̂(1).

b) Let α̂1 : [0, 1] → C r Zπ be the lifting of α with α̂1(0) = b and β̂1 : [0, 1] → C r Zπ be

the lifting of β with β̂1(0) = a. Determine the end points α̂1(1) and β̂1(1).

Problem 15

Let X be a compact Riemann surface and p1, . . . , pn ∈ X. Set

X ′ := X r {p1, . . . , pn}.

Show that every automorphism of X ′ (i.e. biholomorphic map onto itself) extends to an
automorphism of X.

Problem 16

a) Determine all automorphisms of C∗.

b) Determine all automorphisms of X := C r {0, 1} and show that they form a group
isomorphic to the symmetric group S3 (group of permutations of three elements).

c) Let Xλ := C r {0, 1, λ}, where λ ∈ C, λ 6= 0, 1. Determine the group of automorphisms
of Xλ (as a function of λ).

Hint. Use problem 15.
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